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speed and the speed in the read mode is limited. Due to the limited differences power dissipation is limited, while the performance 
of access time and play ability of real-life discs is at a high level. 
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Rotation speed control for recording information " 



The invention relates to a device for recording information on a disc-shaped 
record carrier, the record carrier comprising a track for recording information, the device 
comprising a head for scanning the track, a read unit for retrieving information fiom the track 
via the head, a write nnit for recording information in the track via the head, a mode control 

5 unit for switching the device either to a read mode or to a write mode, and a rotation speed 
control unit for setting the rotation speed of the record carrier. 

The invention further relates to method of controlling a speed of rotation of a 
disc-shaped record carrier, the record carrier comprising a track for recording information, 
the method comprising scanning the track via a head, retrieving information from the track 

to via the head, recording information in the track via the head, switching the device either to a 
read mode or to a write mode, and setting the rotation speed of the record carrier. 



A device for receding information is known from patent sqpjpUcation JPll- 
1 5 306662. The device has a head and a write unit for recording information in a track on a 

record carrier Uke an optical disc and a read unit for reading information. The device also has 
a mode control unit for switching the device to a read mode or to a write mode, and a speed 
control unit for controlling the rotational speed of the record carrier. During the write mode 
the rotational speed of the record carrier is controlled according to a constant linear velocity 
20 (CLV) profile, i.e. the linear speed of tiie track versus the head is constant and hence the 
rotational speed of the disc varies in inverse proportion to the radial position of the head. 
Such a CLV speed profile is common for optical discs like CD-R, DVD+RW or DVD-RW. 
After a period of writing the mode is switched to the read mode. The information to be read 
usually is located at a different radial position, and ^plying the CLV profile also for tiie read 
25 mode would requure a change of rotation speed according to the new radial position of the 
head. In the device the speed control unit sets the rotational speed at a fixed value equal to 
the actual speed during write mode just before switching. Hence the rotational speed m read 
mode is tiie same as the actual speed in the write mode. The rotational speed m read mode is 
not changed, and therefore the data rate of the information fix)m the track will vary witii the 
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radial position. Such speed control is xisually called constant angular velocity (CAV). The 
effect of keeping the same rotation speed when switching from write mode to read mode is 
that no delay occurs in accessing the data due to speed changes. However the CAV speed 
profile is not very suitable for use in a high performance rendering device. In particular the 
5 read process may be unreliable because of the large range linear speeds occurring due to 
keeping the same speed when switching from write mode. 



Therefore it is an object of the invention to provide a device and method for 
1 0 controlling the rotation speed that is more reliable and suitable for use in a high performance 
rendering device. 

According to a first aspect of the invention the object is achieved with a device 
as defined in the opening paragraph, characterized in that the rotation speed control unit 
comprises a speed selector for selecting one of at least two speed settings for the read mode 

15 in dependence on an actual rotation speed of the record carrier during the write mode when 
switching from write mode to read mode, the difference in rotation speed between said actual 
rotation speed and the speed in the read mode being limited by said selection. According to a 
second aspect of the invention the object is achieved with a method as defined in the opening 
paragr^h, characterized in that the method comprises selecting one of at least two speed 

20 settings for the read mode in dependence on an actual rotation speed of the record carrier 
during the write mode when switching from write mode to read mode, the difference in 
rotation speed between said actual rotation speed and the speed in the read mode being 
limited by said selection. The effect of providing a limited number of settings for the 
rotational speed is that the device can be designed and tested for optimal performance at the 

25 limited range of speeds when reading. 

The invention is also based on the following recognition. The known system 
provides a solution for avoiding delays in access time when switching modes. However the 
range of speeds during reading can be as large as the difference between the maximimi and 
minimum rotational speed during recording, e.g. a range of about 2.5 times in tiie CD or 

30 DVD system. The inventors have seen that such a large range of speeds requires a complex 
system design for overall perforaiance at all ^eeds of the data recording and reading process, 
in particular during simultaneous recording and retrieving data streams via buffers by 
altematingly switching modes. By using a limited number of settings for the rotational speed 
which are located between the minimum and maximum speed during recording, the 
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complexity of system design is reduced significantly. In particular the testing of the total disc 
scanning system in the presence of several error sources, usually called playability testing, 
can be reduced because of the limited number of speeds. Further it has been noted the energy 
required by the driving motor to change the rotational speed of the disc increases with the 
square said change. But by providing said limited number of settings the difference in the 
rotational speed is limited. Hence by limiting the speed differences the energy dissipated in 
tiie device for changing speeds is only slightly higher than in the prior art device described 
above. Further llie control unit is less complicated because only a limited number of settings 
are needed for parameters that depend on the readout speed, for example the gain in tiie 
motor control loop. 

In an embodiment of the device the speed control unit is arranged for 
controlling the speed of the record carrier during recording according to a constant linear 
velocity (CLV) profile. This has the advantage that the linear speed of the head versus the 
track is constant during the recording process. The recording process usually is more critical 
regarding design parameters and tolerances against adverse circumstances like dust. Due to 
the constant speed the recording process can be optimized for this speed. 

In an embodimCTit of the device the speed control unit is arranged for 
controlling the speed of the record carrier during reading according to a constant angular 
velocity (CAV) profile. This has the advantage that the rotation speed during reading can be 
easily set at a fixed value when switching to reading mode. 

In an embodiment of the device the speed selector comprises a lowest speed 
setting for a rotation speed substantially above the lowest rotation speed in the write mode. 
This has the advantage that the rotation speed during reading never is below the speed of the 
lowest setting and above the lowest rotation rate during recording. Hence the minimum 
reading speed which has to be included in the system and buffer design is higher than the 
lowest recording speed. 

In an embodiment of the device the speed selector comprises a highest speed 
setting for a rotation speed substantially below tiie highest rotation speed in the write mode. 
This has the advantage tiiat the rotation speed during reading is within a range which is 
smaller than the range of rotation speeds during recording. Reading at such rotation speeds 
may occur at any radial position. Hence the linear reading velocity of the head versus the 
track during reading is limited. 

Further preferred embodiments of flie device and server entity according to the 
invention are given in the further claims. 
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These and other aspects of the invention will be apparent jBrom and elucidated 
further with reference to the embodiments described by way of example in the following 
description and with reference to the accompanying drawings, in which 
5 Figure la shows a record carrier (top view). 

Figure lb shows a record carrier (cross section). 

Figure 2 shows a recording device. 

Figure 3 shows speed setting points. 

Figure 4 shows simultaneous recording and retrieving by altematingly writing 
10 and reading, and 

Figure 5 shows rotations speeds during altematingly writing and reading. 
In the Figures, elements which correspond to elements already described have 
the same reference numerals. 

15 Figure la shows a disc-shaped record carrier 1 1 having a track 9 and a central 

hole 10. The track 9, being the position of the series of (to be) recorded marks representing 
information, is arranged in accordance with a spiral pattern of turns constituting substantially 
parallel tracks on an information layer. The record carrier may be optically readable, called 
an optical disc, and has an information layer of a recordable type. Examples of a recordable 

20 disc are the CD-R and CD-RW, and writable versions of DVD, such as DVD+RW, and the 
high density writable optical disc using blue lasers, called Blue-ray Disc (BD). Further details 
about the DVD disc can be found in reference: ECMA-267: 120 nmi DVD — Read-Only Disc 
- (1997). The information is represented on the information layer by recording optically 
detectable marks along the track, e.g. crystalline or amorphous marks in phase change 

25 material. The track 9 on the recordable type of record carrier is indicated by a pre-embossed 
track structure provided during manufacture of the blank record carrier. The track structure is 
constituted, for example, by a pregroove 14 which enables a read/write head to follow the 
track duriug scanning. The track stracture comprises position information, e.g. addresses, for 
indication the location of units of information, usually called information blocks. The 

30 position information includes specific synchronizing marks for locating the start of such 

information blocks. The position information is encoded in firames of modulated wobbles as 
described below. 

Figure lb is a cross-section taken along the line b-b of the record carrier 1 1 of 
the recordable type, in which a transparent substrate 15 is provided with a recording layer 16 
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and a protective layer 17. The protective layer 17 may comprise a further substrate layer, for 
example as in DVD where the recording layer is at a 0.6 mm substrate and a further substrate 
of 0.6 rom is bonded to the back side thereof. The pregroove 14 may be implemented as an 
mdentation or an elevation of the substrate 15 material, or as a material property deviating 
from its surroxmdings. 

The record carrier 1 1 may be intended for carrying information representing 
digitally encoded video according to a standardized format like MPEG2. 

Figure 2 shows a recording device for writing information on a record carrier 
1 1 of a type which is writable or re-writable, for example CD-R or CD-RW, or DVD+RW or 
BD. The device is provided with recording means for scanning the track on flie record carrier 
which means include a drive unit 21 for rotating the record carrier 1 1, a head 22, a 
positioning ujoit 25 for coarsely positioning the head 22 in the radial dkection on the track, 
and a control xmit 20. The head 22 comprises an optical system of a known type for 
generating a radiation beam 24 guided through optical elements focused to a radiation spot 23 
on a track of the infomiation layer of the record carrier. The radiation beam 24 is generated 
by a radiation source, e.g. a laser diode. The head furttier comprises (not shown) a focusing 
actuator for moving the focus of the radiation beam 24 along the optical axis of said beam 
and a tracking actuator for fine positioning of the spot 23 in a radial direction on the center of 
the track. The tracking actuator may comprise coils for radially moving an optical elraient or 
may alternatively be arranged for changing the angle of a reflecting element For writing 
information the radiation is controlled to create optically detectable marks in the recording 
layer. For reading the radiation reflected by the information layer is detected by a detector of 
a usual type, e.g. a four-quadrant diode, in the head 22 for generating a read signal and 
further detector signals including a tracking error and a focusing error signal for controlling 
said tracking and focusing actuators. The read signal is processed by read processing unit 30 
of a usual type including a demodulator, deformatter and output unit to retrieve the 
information. Hence retrieving means for reading information include the drive unit 21, the 
head 22, the positioning unit 25 and the read processing unit 30. The device comprises write 
processing means for processing the input information to generate a write signal to drive the 
head 22, which means comprise an input unit 27, and modulator means comprising a 
formatter 28 and a modulator 29. The control unit 20 controls the recording and retrieving of 
information and may be arranged for receiving conomands from a user or from a host 
computer. The control unit 20 is connected via control lines 26, e.g. a system bus, to said 
input unit 27, formatter 28 and modulator 29, to the read processing unit 30, and to tiie drive 
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unit 21, and the positioning xmit 25. The control unit 20 comprises control circuitry, for 
example a microprocessor, a program memory and control gates, for performing the 
procedures and functions according to the invention as described below. The control unit 20 
may also be implemented as a state machine in logic circuits. The input unit 27 receives the 
5 user real-time information and processes the audio and/or video to blocks of information, 
which are passed to the formatter 28 for adding control data and formatting the data 
according to the recording format (as described below), e.g. by adding error correction codes 
(ECC) and/or iuterleaving. For computer applications xmits of information may be interfaced 
to the formatter 28 directly. The formatted data fiom the output of the formatter 28 is passed 

10 to tiie modulation unit 29, which comprises for example a channel coder, for generating a 
modulated signal which drives the head 22. Further the modulation xmit 29 comprises 
synchronizing means for including synchronizing patterns in the modxilated signal. The 
formatted units presented to the input of the modxdation unit 29 comprise address information 
and are written to corresponding addressable locations on the record carrier under the control 

15 of control unit 20. The control unit 20 is arranged for recording and retrieving position data 
indicative of the position of the recorded information volmnes. During the writing operation, 
marks representing the information are formed on the record carrier. The marks may be in 
any optically readable form, e.g. in the form of areas with a reflection coefficient different 
from their surroundings, obtained whm recording in materials such as dye, alloy or phase 

20 change material, or in the form of areas with a direction of magnetization different from theur 
surroundings, obtained when recording in magneto-optical material. Writing and reading of 
information for recording on optical disks and xisable formatting, error correcting and channel 
coding rules are well-known in the art, e.g. from the CD system. The marks can be formed by 
means of the spot 23 generated on the recording layer via the beam 24 of electromagnetic 

25 radiation, usually from a laser diode. Li an embodiment the input imit 27 comprises 
compression means for input signals such as analog audio and/or video, or digital 
imcompressed audio/video. Suitable compression means are described for video in the MPEG 
standards, MPEG-1 is defined in ISO/IEC 1 1 172 and MPEG-2 is defined in ISO/IEC 13818. 
The input signal may alternatively be already encoded according to such standards. 

30 The device has a mode switching unit 3 1 coupled to the control unit 20 via the 

system bus 26. The mode switching unit switches the device either to a read mode or to a 
write mode, in dependence of user commands or automatically for accommodating a number 
a data streams. The control unit 20 has a rotation speed control unit 37 for setting tiie rotation 
speed of the record carrier. In an embodiment the rotation speed during recording is 
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controlled according to a constant linear velocity "(CLV) profile, in which profile the speed of 
the track versus the head is maintained at a constant linear speed. The rotation speed 
increases in inverse proportion to the radial position as shown in Figure 3. In an embodiment 
the rotation speed during reading is controlled according to a constant angular velocity 
S (C AV) profile, in which profile the rotation speed is kept at a constant value, and the data 
speed increases in proportion with the radial position of the head 22. 

The rotation speed control unit 37 includes a speed selector 38 for selecting 
one of at least two speed settings for the read mode in dependence on an actual rotation speed 
of the record carrier during the write mode. The actual speed is determined when switching 

10 from write mode to read mode under control of the mode switch unit 3 1 . The selector is 
controlled to select a rotation speed such that the difference in rotation speed between said 
actual rotation speed and the speed in the read mode is limited by said selection. It is noted 
that spinning up of the record carrier requires motor power more than proportionally 
increasing with increasing difierence in speed. By using the limited number of setting points 

IS the difference in speed is limited. The selecting of set points is described below with 
reference to Figure 3. 

Figure 3 shows speed setting points. Along the horizontal axis the disc radial 
position 40 is indicated. Along the vertical axis the rotation speed 41 is indicated. A first 
curve for CLV 43 indicates the rotation speed during the recording process. As a practical 

20 example the speed of recording is 2.4x the nominal speed of the DVD system. For reading a 
first setting point 44 at a rotation speed of 25 Hz is indicated as a horizontal line. A second 
set point 45 is positioned at 30 Hz, a third setting point 46 at 40 Hz and a fifth setting point 
47 at 50 Hz. In the example in the fifth setting 47 the linear speed at reading varies between 
2,lx and 5,5x the nominal reading speed for the DVD system. The setting of reading speed 

25 occurs as follows. According to the mode switch imit 31 the recording process may be 

interrupted at WRITE position 48. The rotation speed of the record carrier will be around 33 
Hz. For reading the closest setting point 45 is selected and the motor is controlled according 
to the set point of 30 Hz. Reading may start immediately after the head reaches the new radial 
READ position 49. The jump to this position will take some time, and the motor speed may 

30 already be adapted. In an embodiment the reading starts at the new radial READ position 49 
before the speed is adapted completely. If an error during reading occurs, the control unit 20 
may perform a retry at the same location as soon as the motor speed has been adjusted by 
again jumping to that position. The number of retries for reading an erroneous location may 
be increased, because the reading speed has not yet reached its target value. 
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In an embodiment the speed selector 38 has a lowest speed setting for a 
rotation speed substantially above the lowest rotation speed in the write mode. As shown in 
Figure 3 flie lowest speed of recording profile 43 is 22 Hz. The lowest rotation rate setting 
point is 25 Hz, which increases the nunimum speed at reading by circa 15% compared to a 
5 setting of 22 Hz, In an embodiment the speed selector 38 has a highest speed setting at 50 Hz, 
while the maximum rotation speed during recording according to the CLV profile at 2 Ax 
nominal DVD speed is 55 Hz. The highest rotation speed during reading is 10% lower than 
the maximum rotation speed dniing recording. Hence flie maximum linear speed for reading 
is limited to around 5.5x DVD. Using the same speed as the maximum recording speed 

1 0 would have resulted in a maximum linear reading speed of over 6x. 

In an embodiment at least a nvunber of the speed settings are at rotation speeds 
having a predefined rotation fi-equency interval. The interval may be equal for a number of 
settings. As shown in Figure 3 there are setting points 45, 46, 47 at the interval of 10 Hz. 
Keeping the interval at the same value results in a maximum speed difference of half the 

15 intCTval, e.g. 5 Hz. However the interval may also be chosen according to other design 

criteria, e.g. the interval being smaller at higher rotation speeds for creating a substantially 
equal response time for speeding up to each of the settings setting. In an embodiment the 
speed control unit 37 is arranged as shown in Figure 3 for accommodating a write rotation 
speed range for recording in which range the highest speed is substantially 2,5 times the 

20 lowest speed, and the speed selector is arranged for selecting one of 4 speed settings for the 
read mode. 

In an embodiment the device has a write buffer 35 for storing infonnation to 
be recorded, and wherein the mode control imit 31 is arranged for switching the modes in 
dependence on a filling degree of the write buffer 35. The mode control unit 31 is arranged 

25 for recording the input stream of real-time information via the write buffer and for, at the 
same time, retrieving of real-time infonnation by alternating the write mode and the read 
mode. The writing continues until the write buffer is substantially empty. The mode control 
unit 3 1 detects tiie filling degree and switches to read mode. Usually also a read buffer 32 is 
available. The read process continues until the write buffer is substantially fiill, or 

30 alternatively until the read buffer is substantially fiill. The buffer sizes are chosen so that 
switching between data streams to be recorded and retrieved simultaneously does not occur 
too often, as this would cause wear and audible noise. A practical value for the switch cycle 
is 3 to 10 seconds, for example 5 seconds write, 0.5 second for a jmnp, 4 seconds read and 
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again 0.5 second for a jump. At a data rate of the data stream of about 5 Mbit/sec the write 
buffer 35 needs to be about 4 Mbyte. 

Figure 4 shows simultaneous recording and retrieving by altematingly writing 
and reading. The upper diagram 50 shows along a time axis the writing of data by 

5 wherein the index n indicates the order in time. On a first segment of the axis a writing action 
takes place indicated by W. In the middle segment there are shown alternating writing and 
reading actions Wi to W5 and Ri to R5. The nuddle diagram 5 1 schematically shows a first 
example of the writing and reading actions on two radial positions, reading position 53 being 
more inward and writing position 54 being more outward. The lower diagram 52 

10 schematically shows a second example of the writing and reading actions on two radial 
positions, writing position 55 being more inward and reading position 56 being more 
outward. 

Figure 5 shows rotations speeds during altematingly writing and reading. 
Along the horizontal axis 61 the time indicated, along the vertical axis 62 the rotation speed 

15 of the disc. The writing actions Wi W2 and W3 are suppose to take place in successive radial 
positions and therefore are shown to have the a decreasing writing rotation rate 63 according 
to the CLV profile. The first reading action Ri takes place at a more inward position at a 
slightly higher first rotation speed selection 64, while the second and third reading actions R2 
and R3 take place at a slightiy lower second rotation speed selection 65. The rotation speed 

20 selections 64, 65 are selected based on the actual rotation rate 63 during writing. Hence the 
difference between the rotation rate during writing and the rotation rates during reading is 
limited. If always the closest reading speed is selected, the maximum difference is half the 
interval between rotation rate settings 64, 65. 

Although the invention has been mainly explained by embodiments using 
optical discs for storing video, the invention is also suitable for other disc type record carriers 
such as magnetic discs or any other rendering device for any type of information that uses 
differing speeds for reading and recording of information. It is noted, that in this document 
the word ^comprising' does not exclude the presence of other elements or steps than those 
listed and the word 'a' or *an' preceding an element does not exclude the presence of a 
plurality of such elements, that any reference signs do not limit the scope of the claims, that 
the invention may be implemented by means of both hardware and software, and that several 
•means' or *units' may be represented by tiie same item of hardware or software. Further, the 
scope of the invention is not limited to the embodiments, and the invention lies ia each and 
every novel feature or combination of features described above. 
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CLAIMS: 



1 . Device for recording information on a disc-sh^ed record carrier, the record 
carrier comprising a track for recording information, 

tiie device comprising a head for scanning the track, a read imit for retrieving 
information from the track via the head, a write miit for recording information in the track via 
5 the head, a mode control unit for switching the device either to a read mode or to a write 
mode, and a rotation speed control unit for setting the rotation speed of the record carrier, 

characterized in that the rotation speed control unit comprises a speed selector 
for selecting one of at least two speed settings for the read mode in dependence on an actual 
rotation speed of the record carria: during the write mode when switching from write mode to 
10 read mode, the difference in rotation speed between said actual rotation speed and tiie speed 
in the read mode being limited by said selection. 

2. Device as claimed in claim 1, wherein the speed control unit is arranged for 
controlling the speed of the record carrier during recording according to a constant linear 

1 5 velocity profile. 

3. Device as claimed in claim 1 , wherein the speed control unit is arranged for 
controlling the speed of the record carrier during reading according to a constant angular 
velocity profile. 

20 

4. Device as claimed in claim 1 , wherein the speed selector comprises a lowest 
speed setting for the read mode for a rotation speed substantially above the lowest rotation 
speed in the write mode, and/or a highest speed setting for read for a rotation speed 
substantially below the highest rotation speed in the write mode. 

25 

5. Device as claimed in claim 3, wherein at least a number of the speed settings 
are at predefined rotation frequencies having at least one predefined rotation frequency 
interval. 
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6. Device as claimed in claim 1, wh^ein the speed control unit is arranged for 
accommodating a write rotation speed range for recording in which range the highest speed is 
substantially 2,5 times the lowest speed, and the speed selector is arranged for selecting one 
of 4 speed settings for the read mode. 

5 

7. Device as claimed in claim 1 , wherein the device comprises a write bufifer for 
storing information to be recorded, and wherein the mode control unit is arranged for 
switching the modes in dependence on a filling degree of the write bufifer. 

10 8. Device as claimed in claim 7, wherein the device comprises a video encoding 

unit for receiving video data and providing encoded video as information to be recorded via 
the write buffer. 

9. Device as claimed in claim 7, wherein the mode control unit is arranged for 
15 recording a first continuous stream of real-time information via the write buffer and for, at 

the same time, retrieving a second stream of real-time information by altemating the write 
mode and the read mode. 

10. Method of controlling a speed of rotation of a disc-shaped record carrier, the 
20 record carrier comprising a track for recording information, 

the method comprising scamiing the track via a head, retrieving information 
from the track via the head, recording information in the track via the head, switching the 
device either to a read mode or to a write mode, and setting the rotation speed of the record 
carrier, 

25 characterized in that the method comprises selecting one of at least two speed 

settings for the read mode in dependence on an actual rotation speed of the record carrier 
during the write mode when switching from write mode to read mode, the difference in 
rotation speed between said actual rotation speed and the speed in the read mode being 
limited by said selection. 
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